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(57) ABSTRACT

A method (100) for routing packets in a communication
network (10) having a variable and predictable topology.
The network includes a plurality of nodes, and each node
can be connected, at least temporarily, to one or more other
nodes in the network. The packets are transmitted from a
source node (21) to a destination node (23). An orchestration
entity (25) determines (101) a plurality of temporary paths
(31) between the source node and the destination node for
several successive time periods (Pi), the existence of a
temporary path being guaranteed for the time period with
which it is associated. The orchestration entity (25) gener-
ates (102) a table (T) of label stacks (I.Si), in which table
each label stack corresponds to the temporary path defined
for one of the successive time periods, and each label (1, 1)
corresponds to a node of the temporary path.
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1
METHOD FOR ROUTING PACKETS IN A
COMMUNICATION NETWORK HAVING A
VARIABLE AND PREDICTABLE TOPOLOGY

RELATED APPLICATIONS

This application is the U.S. national phase of International
Application PCT/EP2021/063928, filed May 25, 2021,
which designated the U.S. and claims priority to French
patent application FR 2005483, filed May 25, 2020, the
entire contents of each of which are hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention belongs to the field of routing
packets of a communication stream within a network. In
particular, the invention relates to a method for routing
packets in a communication network having a topology that
varies over time, but for which the topology remains pre-
dictable. The invention also relates to an orchestration entity
of the network implementing some steps of said method.

PRIOR ART

Conventional packet routing methods, such as methods
based on label switching (MPLS standing for “Multi-Pro-
tocol Label Switching™), are generally not well suited to
communication networks having a high topology variability.
In general, these conventional methods rely on algorithms
distributed in the different nodes of the network. Each node
of the network should then have a knowledge of the topol-
ogy of the network and of the intelligence in order to
determine which way to send a packet of the communication
stream.

These conventional methods are rapidly limited in terms
of complexity, responsiveness and scalability. Among the
drawbacks of these conventional methods based on a dis-
tributed algorithm, it appears in particular that:

the algorithm sometimes takes more time to converge

than the duration during which the topology of the
network remains fixed,

the algorithm does not always allow meeting the service

quality objectives, in particular because the different
nodes cannot ensure an overall optimisation of the
traffic to the extent that they do not have the means of
taking into account the entire traffic demand within the
network,

it is necessary to propagate information to the different

nodes of a considered path, and this propagation of
information may sometimes require more time than the
duration during which the existence of the path could
be guaranteed.

The document “Segment Routing for effective recovery
and multi-domain traffic engineering”, A. Giorgetti et al.,
describes methods for routing data packets in a communi-
cation network based on the “Segment Routing” standard-
ised architecture.

The patent application CN 110 518 959 A describes a
low-orbit satellite network communication method based on
MPLS and DTN (acronym of “Delay-Tolerant Network™)
technologies and aimed at improving the speed and reliabil-
ity of the micro-network communication.

The document “Technical Report XXX—FG NET-2030
Report on Network2030 Architecture Framework”, M. Toy
et al. describes the architecture of the “Network 2030”
network.
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Nonetheless, none of these documents provide a solution
to effectively take into account a strong variability of the
topology of the communication network.

DISCLOSURE OF THE INVENTION

To overcome the drawbacks of the prior art, and according
to a first aspect, a method for routing data packets within a
communication network is proposed by the present inven-
tion. The network comprises several routing entities, called
“nodes”. Each node may be connected at least temporarily
to one or more other nodes of the network. The network
enables the transmission of a data packet of a communica-
tion stream between at least one first node, called “source
node”, and at least one second node, called “destination
node”, through a path connecting the source node to the
destination node throughout one or more “intermediate”
nodes. The network has a variable topology. This means that
the availability of a connection link between two nodes of
the network varies over time. In particular, the invention
applies very well in the case where the duration of existence
of a path between the source node and the destination node
might be shorter than the duration necessary to propagate
check-up information relating to changes in topology of the
network to the nodes of the network. However, the variabil-
ity of the topology of the network is predictable. This means
that it is possible to anticipate topology changes that will
take place over a given time period. The method includes the
following steps:

a determination, by an orchestration entity, of a plurality
of temporary paths between the source node and the
destination node for a plurality of successive time
periods. Each temporary path is associated with a
particular time period. Each temporary path defines, for
the time period with which it is associated, a path
connecting the source node and the destination node
throughout one or more intermediate nodes. The exis-
tence of each temporary path is guaranteed over the
time period with which it is associated. Each temporary
path is defined as a function of the variable and
predictable topology of the network so as to connect the
source node and the destination node.

a generation, by said orchestration entity, of at least one
table of label stacks. Each label stack in the table
corresponds to one of the temporary paths defined for
one of said successive time periods. Each label corre-
sponds to one of the intermediate nodes of the tempo-
rary path. Afterwards, the table of label stacks is made
available to the source node.

an encapsulation, by the source node, in each data packet
transmitted over a time period, of the label stack
corresponding to said time period in the table.

a transmission of the data packet to the intermediate node
corresponding to the label present at the top of the label
stack.

upon reception of each data packet by the intermediate
node corresponding to the label present at the top of the
label stack encapsulated in the data packet: an extrac-
tion of said label from the label stack and a transmis-
sion of the data packet to another node corresponding
to the label newly placed at the top of the label stack,
until the label stack is empty.

Thus, the label stack initially encapsulated in a packet by
the source node is progressively unstacked as the packet
progresses over the temporary path to the destination node.
A data packet transmitted by the source node over a given
time period will then follow the temporary path correspond-
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ing to the label stack associated with said time period. The
successive use of different label stacks respectively associ-
ated with different time periods and corresponding to dif-
ferent temporary paths whose existence is guaranteed over
each time period thus allows optimally ensuring the trans-
mission of all of the data packets of the communication
stream between the source node and the destination node.

It should be noted that the determination of the temporary
paths associated with the successive time periods is done by
the orchestration entity at a given time point for several
successive time periods in the future. This is possible
because the variability of the topology of the network is
predictable. This means that it is always possible to define in
advance the topology of the communication network for
several future successive time periods (the topology of the
network being different from one period to another). A table
of label stacks could then be generated by the orchestration
entity to represent these temporary paths that the packets
will have to follow during future successive time periods.

These steps of determining the temporary paths and of
generating the table of label stacks are implemented in a
centralised manner by the orchestration entity, on the basis
of information known to the orchestration entity on the
upcoming topology changes of the communication network.
Hence, this does not require a check-up protocol based on
signalling communications with the nodes of the network.

In particular implementations, the invention may further
include one or more of the following features, considered
separately or according to any technically-feasible combi-
nation.

In particular implementations, the communication net-
work includes at least a first domain and a second domain.
The two domains may have different topology variabilities
(this means that the order of magnitude of the frequency of
the topology changes may be different between the two
domains). Each path between the source node and the
destination node includes a first portion formed by one or
more of the intermediate nodes belonging to the first domain
and a second portion formed by one or more of the inter-
mediate nodes belonging to the second domain. The network
includes, for each portion, an input node allowing establish-
ing a connection to said portion. The input node may
correspond to the source node or to an intermediate node.
The generation, by the orchestration entity, of at least one
table of label stacks includes at least two generations,
namely:

A generation, by the orchestration entity, of a first table of
label stacks defining, for each of a first plurality of
successive time periods, a first portion of a temporary
path between the source node and the destination node.
This first portion defines a temporary path between an
input node to the first portion and an input node to a
second portion of the temporary path. This first portion
is defined as a function of the variable and predictable
topology of the network so as to connect the input node
to the first portion and the input node to the second
portion.

A generation, by the orchestration entity, of a second table
of label stacks defining, for each of a second plurality
of successive time periods, said second portion of the
temporary path. This second portion is defined as a
function of the variable and predictable topology of the
network so as to connect the input node to the second
portion and the destination node.

The routing method further includes:

A supply of the first table of label stacks at the input node

to the first portion.
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A supply of the second table of label stacks at the input
node to the second portion.
A label positioned at the base of a label stack of the first table
is a pointer identifying the second table of label stacks.

Such arrangements allow on the one hand taking account
of the differences in topology variability of each domain,
and on the other hand limiting the size of the routing
information encapsulated in a data packet.

In particular implementations, the communication net-
work is a satellite communication network including at least
one spatial domain whose nodes are formed by satellites in
non-geostationary orbit around the Earth, and at least one
terrestrial domain, at least some of the nodes of which are
formed by gateway stations, routers, exchange points, and/or
satellite communication user terminals.

In particular implementations, an explicit type routing is
used to define, in the spatial domain, at least one portion of
the path between the source node and the destination node.
For explicit type routing, a label is explicitly associated with
each intermediate node belonging to said portion of the path.

In particular implementations, an implicit type routing is
used to define, in the terrestrial domain, at least one portion
of the path between the source node and the destination
node. For an implicit type routing, at least one intermediate
node belonging to said portion of the path is not explicitly
associated with a label.

In particular implementations, the source node is a satel-
lite communication user terminal, the destination node is an
exchange point, a first portion of the path between the user
terminal and the exchange point is formed in the spatial
domain by one or more satellites, a gateway station acts as
an input point to a second portion of the path formed in the
terrestrial domain by one or more routers up to the exchange
point.

In particular implementations, the source node is a first
exchange point, the destination node is a second exchange
point, a path between the first exchange point and the second
exchange point includes a first portion in the terrestrial
domain up to a first gateway station, a second portion in the
spatial domain between the first gateway station and a
second gateway station, and a third portion in the terrestrial
domain between the second gateway station and the second
exchange point.

In particular implementations, the source node is a first
satellite communication user terminal, the destination node
is a second satellite communication user terminal, the inter-
mediate nodes of the path between the source node and the
destination node belonging exclusively to the spatial
domain.

In particular implementations, the source node is a satel-
lite in non-geostationary orbit around the Earth and the
destination node is a satellite communication user terminal
or an exchange point.

In particular implementations, when at least one path
portion between a current node and a next node correspond-
ing to the label placed at the top of the label stack encap-
sulated in a packet received by the current node is acciden-
tally unavailable, the method includes a step of replacing, by
the current node, one or more labels placed at the top of the
stack with one or more replacement labels corresponding to
a backup path, said replacement labels having been deter-
mined beforehand and supplied to the current node by the
orchestration entity.

In particular implementations, the routing method
includes a step of generating by the orchestration entity a
backup table for label stacks, said backup table being used
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by the source node when at least a portion of the path
between the source node and the destination node becomes
accidentally unavailable.

According to a second aspect, the present invention
relates to an orchestration entity for routing data packets
within a communication network having a variable and
predictable topology. The network comprises several routing
entities, called “nodes”. Each node may be connected at
least temporarily to one or more other nodes of the network.
The network enables the transmission of a data packet of a
communication stream between at least one first node, called
“source node”, and at least one second node, called “desti-
nation node”, through a path connecting the source node to
the destination node throughout one or more “intermediate”
nodes. The orchestration entity is configured to:

Determine a plurality of temporary paths between the

source node and the destination node for a plurality of
successive time periods. Each temporary path is asso-
ciated with a particular time period. Each temporary
path defines, for the time period with which it is
associated, a path connecting the source node and the
destination node throughout one or more intermediate
nodes. The existence of each temporary path is guar-
anteed over the time period with which it is associated.
Each temporary path is defined as a function of the
variable and predictable topology of the network so as
to connect the source node and the destination node.

Generate at least one table of label stacks. Each label

stack of the table corresponds to the temporary path
associated with one of said successive time periods.
Each label corresponds to one of the intermediate nodes
of the temporary path.

Supply the table of label stacks to the source node.

In particular embodiments, the communication network
includes at least a first domain and a second domain (the two
domains may have different topology variabilities). Each
path between the source node and the destination node
includes a first portion formed by one or more of the
intermediate nodes belonging to the first domain and a
second portion formed by one or more of the intermediate
nodes belonging to the second domain. The network
includes, for each portion, an input node allowing establish-
ing a connection to said portion from another portion. The
input node may correspond to the source node or to an
intermediate node. The orchestration entity is then config-
ured, when generating said at least one table of label stacks,
to:

Generate a first table of label stacks defining, for each of

a first plurality of successive time periods, a first
portion of a temporary path between the source node
and the destination node, said first portion defining a
temporary path between an input node to the first
portion and an input node to a second portion of the
temporary path. Said first portion is defined as a func-
tion of the variable and predictable topology of the
network so as to connect the input node to the first
portion and the input node to the second portion.

Generate a second table of label stacks defining, for each

of a second plurality of successive time periods, said
second portion of the temporary path. Said second
portion is defined as a function of the variable and
predictable topology of the network so as to connect the
input node to the second portion and the destination
node.

The orchestration entity is further configured to:

Send the first table of label stacks at the input node to the

first portion.
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6

Send the second table of label stacks at the input node to
the second portion.

A label positioned at the base of a label stack of the first table
is a pointer identifying the second table of label stacks.

According to a third aspect, the present invention relates
to a communication network having a variable and predict-
able topology. The communication network comprises sev-
eral routing entities, called “nodes”. Each node may be
connected at least temporarily to one or more other nodes of
the network. The network enables the transmission of a data
packet of a communication stream between a first node,
called “source node”, and a second node, called “destination
node”, through a path connecting the source node to the
destination node throughout one or more “intermediate”
nodes. The communication network includes an orchestra-
tion entity according to any one of the preceding embodi-
ments. The source node is configured to encapsulate, during
each time period, the corresponding label stack in each data
packet transmitted during said time period. The intermediate
node corresponding to the label present at the top of the label
stack encapsulated in a data packet is configured to extract
said label from the label stack and to transmit the data packet
to another node corresponding to the label newly placed at
the top of the label stack, until the label stack is empty.

In particular embodiments, the communication network is
a satellite communication network including a spatial
domain whose nodes are formed by satellites in non-geo-
stationary orbit around the Earth, and a terrestrial domain, at
least some of the nodes of which are formed by gateway
stations, routers, exchange points, and/or satellite commu-
nication user terminals.

PRESENTATION OF THE FIGURES

The invention will be better understood upon reading the
following description, provided as a non-limiting example,
and made with reference to FIGS. 1 to 13 which represent:

FIG. 1 a schematic representation of different topologies
of a communication network at different successive time
periods,

FIG. 2 a schematic representation of different temporary
paths associated with different successive time periods in a
communication network whose topology varies over time,

FIG. 3 an example of implementation of the invention for
a communication stream between two user terminals within
a satellite communication network,

FIG. 4 a schematic representation of the main steps of a
routing method according to the invention for routing data
packets of a communication stream within a communication
network having a variable and predictable topology,

FIG. 5 a schematic representation of a table of label stacks
respectively corresponding to different temporary paths
associated with different successive time periods,

FIG. 6 a schematic representation of a communication
network with a variable topology including two different
domains,

FIG. 7 an example of implementation of the invention for
a communication stream from an exchange point to a user
terminal within a satellite communication network,

FIG. 8 an example of implementation of the invention for
a communication stream from a user terminal to an
exchange point within a satellite communication network,

FIG. 9 a schematic representation of the main steps of a
particular implementation of a routing method according to
the invention,
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FIG. 10 an example of implementation of the invention
for a communication stream between two exchange points
within a satellite communication network,

FIG. 11 an example of implementation of the invention
for a communication stream between a satellite and an
exchange point within a satellite communication network,

FIG. 12 a schematic representation of a first backup
mechanism in the event of failure of a portion of a path
considered for routing a communication stream,

FIG. 13 a schematic representation of a second backup
mechanism in the event of failure of a portion of a path
considered for routing a communication stream.

In these figures, identical references from one figure to
another refer to identical or similar elements. For clarity, the
represented elements are not necessarily to the same scale,
unless stated otherwise.

DETAILED DESCRIPTION OF AN
EMBODIMENT OF THE INVENTION

The invention applies to communication networks having
a variable and predictable topology. The communication
network may be considered as a set of routing entities, called
“nodes”. Each node may be connected at least temporarily
to one or more other nodes of the network. The network
allows transmitting a data packet of a communication stream
from a source node to a destination node through a path
connecting the source node to the destination node through-
out one or more intermediate nodes. Hence, a path corre-
sponds to a set of nodes and connections connecting these
nodes in pairs from the source node up to the destination
node. The topology of the network is variable to the extent
that the availability of a connection link between two nodes
of the network varies over time. The invention finds a
particularly advantageous application in the case where the
variability of the topology of the communication network is
such that the duration of existence of a path between the
source node and the destination node may be shorter, and
possibly significantly shorter, than the duration necessary to
propagate check-up information relating to changes in topol-
ogy of the network to the nodes of the network. This is the
case in particular if topology changes take place frequently,
and/or if the extent and complexity of the network are
significant. However, the topology of the communication
network remains predictable. In other words, the topology
changes of the communication network over time are deter-
ministic, i.e. it is possible to anticipate the topology changes
that will take place over a given period of time.

In the considered examples, the changes in topology of
the network generally results from the very nature of the
communication network (these are therefore generally not
the consequence of a failure of the network). This is the case
for example for a communication network using a constel-
lation of satellites in non-geostationary orbit around the
Earth (NGSO standing for “Non-Geostationary Satellite
Orbit”). However, other examples may be reported, such as
communication networks based on drones or stations placed
on high-altitude platforms (HAPS standing for “High-Alti-
tude Platform Station™).

In such a communication network, in order to meet
service quality requirements, it is generally necessary to
guarantee routing of all of the packets of the communication
stream in a predetermined time.

A communication network using a constellation of satel-
lites in non-geostationary orbit is generally composed of a
spatial domain formed by the satellites of the constellation
(or possibly several spatial domains if several different
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constellations are involved) and of a terrestrial domain
formed in particular by gateway stations, routers, exchange
points towards terrestrial networks (for example the Inter-
net) and/or satellite communication user terminals (VSAT
standing for “Very Small Aperture Terminal”). In such a
communication network, the variability of the topology is
particularly strong at the boundary between the spatial
domain and the terrestrial domain. The duration during
which a satellite in non-geostationary orbit is visible by a
ground station depends on numerous parameters such as the
altitude and the elevation of the satellite or the performances
of the antennas of the satellite and of the ground station. For
example, a communication satellite located at an altitude of
1,300 km will be visible by a ground station only for a few
minutes.

A path between the source node and the destination node
may comprise a portion in the spatial domain and a portion
in the terrestrial domain. The portion in the spatial domain
may include several satellites connected via inter-satellite
links. In such a case, the period of visibility of the satellite
at the input of the spatial portion by a ground station may be
different from the period of visibility of another satellite at
the output of the spatial portion by another ground station.
In such a case, the validity period during which a complete
path from the source node up to the destination node remains
valid then corresponds to the shortest visibility period
among the two mentioned visibility periods. During this
validity period, it could be considered that the topology of
the network does not change for the considered communi-
cation stream. However, the duration of this validity period
could be not long enough to enable the transmission of all of
the packets of the communication stream.

It should further be noted that such a communication
network may include several hundreds, and possibly several
thousands, of satellites and several millions of user termi-
nals.

The present invention applies to communication networks
whose topology is variable and predictable. The notion of
variability of the topology of the communication network
may be represented by a set of graphs as illustrated in FIG.
1. Each graph includes nodes 20 corresponding to routing
entities of the communication network 10, as well as con-
nection links 30 connecting nodes 20 in pairs. In FIG. 1, time
is represented along a horizontal axis, and time is divided
into several time periods. During each time period, the
topology of the communication network 10 is static, i.e. the
topology of the communication network 10 remains fixed. In
other words, there are topology changes of the communi-
cation network 10 from one period to another, but there is no
topology change within a period. In the example illustrated
in FIG. 1, the communication network 10 includes twenty
nodes 20. At the time point R, there are ten connection links
30 connecting some nodes 20 in pairs. There are topology
changes at the time points R, and R,. Hence, the topology
of the communication network 10 remains static over the
time periods [R,, R,], [R;, R,] and [R,, R;]. Nonetheless,
the topology of the communication network 10 is different
over these different time periods. In particular, the topology
of the communication network 10 over the period [R,, R,]
is different from the topology of the communication network
10 over the period [R,, R,]: some connection links 30 have
disappeared, whereas new connection links have appeared.
Similarly, the topology of the communication network 10
over the period [R,, R,] is different from the topology of the
communication network 10 over the period [R,, R,]. It



US 11,757,771 B2

9

should be noted that the duration of the time periods [R,,
R,1, [Ry, R,], [R,, Rs], etc., are not necessarily identical and
could vary over time.

For the invention, it is considered that the topology
variability of the communication network 10 is predictable,
i.e. it is still possible, as illustrated in FIG. 1, to define in
advance an ordered sequence of several graphs representing
the topology of the communication network 10 over several
successive time periods.

To transmit a set of data packets corresponding to a
communication stream between a first node, called “source
node”, and a second node, called “destination node”, one
should establish within the communication network 10 a
path connecting the source node to the destination node
throughout one or more intermediate nodes. Because of the
topology changes of the communication network 10, the
existence of this path could however be guaranteed only for
a given period of time. The duration of the time period
during which the existence of a path between the source
node and the destination node could be guaranteed can
however be shorter than the duration necessary for trans-
mitting all of the data packets of the communication stream.
Also, the duration of existence of a path between the source
node and the destination node may be shorter than the
duration necessary for propagating check-up information
relating to changes in topology of the network to the nodes
of the network. In this case, one should define several
temporary paths respectively corresponding to several suc-
cessive time periods so that, during each time period, the
existence of the temporary path is guaranteed.

This is illustrated by FIG. 2 which schematically repre-
sents two temporary paths 31-1 and 31-2 connecting a
source node 21 to a destination node 23 throughout several
intermediate nodes 22 for two successive time periods P,
and P,, for the communication network 10 illustrated in FIG.
1. It should be noted that the source node 21, the destination
node 23 and the intermediate nodes 22 are all nodes 20 of the
communication network 10. Depending on the considered
communication stream, a node 20 of the communication
network 10 could potentially act as a source node 21, a
destination node 23 or an intermediate node 22.

The time points T,, T, and T, of FIG. 2 respectively
correspond to the time points R, R, and R; of FIG. 1. It
should be noted that the temporary path 31-1 corresponding
to the period P, is not impacted by the topology change that
takes place at the time point R, because each of the six
connection links 30 forming this temporary path exists
throughout the entire duration of the time period P,=[T,, T, ]
(because these connection links exist both during the time
period [R,, R, ] and during the time period [R,, R,]). During
the period P,=[T,, T,], another temporary path 31-2 com-
prising different connection links allows connecting the
source node 21 to the destination node 23. Throughout the
entire duration of the time period P,, the existence of the
temporary path 31-1 is guaranteed. Throughout the duration
of the time period P,, the existence of the temporary path
31-2 is guaranteed. The duration of each period P,, P, should
be longer than the duration required to transmit a data packet
from the source node 21 to the destination node 23. How-
ever, the transmission of all of the packets of the commu-
nication stream between the source node 21 and the desti-
nation node 23 spreads over several successive time periods.

In the remainder of the description, reference is made as
a non-limiting example to the case of a satellite communi-
cation network 10. FIG. 3 illustrates an example of a
temporary path 31 established for a given period of time
between a first satellite communication user terminal 41-1,
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acting as a source node 21, and a second satellite commu-
nication user terminal 41-2, acting as a destination node 23.
In the considered example, each intermediate node 22 of the
temporary path 31 corresponds to a satellite 42 of a con-
stellation of satellites in non-geostationary orbit. As already
explained before, the variability of the topology of such a
communication network 10 is explained in particular by the
fact that the period of visibility of a satellite 42 by a user
terminal 41-1, 41-2 has a relatively short duration that might
be shorter than the duration necessary to transmit all of the
data packets of a communication stream between the two
user terminals. For example, the user terminals 41-1, 41-2
correspond to “very small aperture terminals” (VSAT for
“Very Small Aperture Terminal™), i.e. satellite communica-
tion terminals which use, on the ground, directional para-
bolic antennas whose diameter is generally less than three
meters.

As illustrated in FIG. 3, at least one orchestration entity 25
having a holistic knowledge of the topology of the commu-
nication network 10 and of its variability over time is used
to define a routing of the data packets so that the commu-
nication stream between the source node and the destination
node is transmitted while meeting a given service quality. It
could be considered to use several orchestration entities
organised collaboratively, hierarchically, or in a hybrid man-
ner both collaboratively and hierarchically, to share knowl-
edge of the topology of the communication network 10 and
its variability over time.

For example, an orchestration entity 25 includes one or
more processors and storage means (magnetic hard disk,
electronic memory, optical disk, etc.) in which a computer
program product is stored in the form of a set of program
code instructions to be executed to implement some steps of
the routing method according to the invention. Alternatively
or complementarily, the orchestration entity 25 includes one
or more programmable logic circuits (FPGA, PLD, etc.),
and/or one or more application-specific integrated circuits
(ASIC), and/or a set of discrete electronic components, etc.

In the considered example, in order to be able to deter-
mine the changes in topology of the communication network
10 over time, the orchestration entity 25 knows for example
the orbital parameters of the satellites 42 and the geographi-
cal positions of the user terminals 41-1, 41-2.

Similarly, the different nodes (source node, destination
node, intermediate nodes) also include software and/or hard-
ware means for implementing some steps of the routing
method according to the invention.

FIG. 4 schematically illustrates the main steps of a routing
method 100 according to the invention for routing packets of
a communication stream between a source node 21 and a
destination node 23 of the communication network 10.

In particular, the method 100 includes a step of determin-
ing 101, by the orchestration entity 25, a temporary path 31
between the source node 21 and the destination node 23 for
each of a plurality of successive time periods P, P,, . . .,
P,, ..., etc. Atemporary path 31 defines, for a particular time
period P,, a path connecting the source node 21 and the
destination node 23 throughout one or more intermediate
nodes 22. During the time period P,, the existence of said
path is guaranteed, and at least one data packet could be
transmitted from the source node 21 to the destination node
23. Thus, different temporary paths 31 are defined for the
different time periods P,, and each temporary path 31 is
associated with a particular time period P,.

In particular, the method 100 includes a step 102 of
generating, by said orchestration entity 25, a table of label
stacks. Fach label stack of the table corresponds to the
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temporary path 31 defined for one of said successive time
periods P,. Each label of a label stack corresponds to a node
of the temporary path 31.

It should be noted that different methods may be consid-
ered for assigning labels. For example, if an explicit routing
method is used, a label is explicitly associated with each
intermediate node 22 belonging to the temporary path 31.
The path 31 is then entirely defined by a label stack.

According to another example, if an implicit routing
method is used, at least one intermediate node 22 belonging
to the temporary path 31 is not explicitly associated with a
label of the label stack. In other words, with an implicit
routing, a label processed by an intermediate node 22 does
not necessarily correspond to an adjacent node, and the
intermediate node 22 has to define itself a subpath to the
node corresponding to said label. However, the existence of
at least one such subpath should be guaranteed over the
considered time period.

FIG. 5 represents a table T of stacks LS, of labels L;,
associated respectively with successive time periods P,. For
a given time period P,, the stack LS, of labels L, defines a
temporary path which persists throughout the duration of the
period P, and which allows transmitting one or more data
packets from the source node 21 to the destination node 23.
Bach label L, corresponds to a node of said temporary path.
The stack LS, includes N, labels: L, ,, L, ..., L, ..
The number N, of labels of a label stack LS, may vary from
one time period P, to another. Indeed, the different label
stacks LS, represent different temporary paths which may
have different numbers of intermediate nodes. During the
time period P,, and in order to reach the destination node, a
packet will successively transit through the node corre-
sponding to the label L, ,, the node corresponding to the
label L,, . . . , the node corresponding to the label
L, ..., the node corresponding to the label Ly, ..

In the example considered and illustrated in FIG. 5, the
orchestration entity 25 is capable, at a given time point, of
determining temporary paths between the source node 21
and the destination node 23 for at least m successive time
periods. The orchestration entity 25 could then stack several
sequences of label stacks in the table T. The first row #1 of
the table corresponds to a first sequence of m label stacks
LS,, LS,, . . ., LS,, respectively corresponding to m
temporary paths for m successive time periods P, P,, . . .,
P,,. The second row #2 of the table corresponds to the label
stacks LS, LS;, . . ., LS,,,, respectively corresponding to
the temporary paths for the successive time periods P,,
Ps, ..., P,.,. The row #m of the table corresponds to the
label stacks LS,,, LS,,.;, . . ., LS,,,, respectively corre-
sponding to the temporary paths for the successive time
periods P, P, ... ., P, .

It should be noted that for a current node, the correspon-
dence between a label L;; and another node provides a
means for reaching said other node from the current node.
Thus, for a current node, a label L;,; could be associated with
a node identifier. According to another example, a label L,
could be associated with one or more connection links to be
followed to reach another node.

The table T generated by the orchestration entity 25 is
then made available to the source node 21. According to a
first example, the table T is directly sent by the orchestration
entity 25 to the source node 21. According to another
example, a check-up entity may serve as an intermediary
between the orchestration entity 25 and the source node 21.
According to different variants, the source node 21 may
receive the different label stacks LS, one after another, or the
source node 21 may receive successively sequences of label
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stacks corresponding to rows of the table (transmission of
the table T one row after another), or the source node 21 may
receive several rows of the table T simultaneously.

The source node 21 is then configured to play, for each
successive time period P,, the label stack LS, associated with
said time period P,. To this end, the routing method 100
according to the invention includes a step of encapsulating
110, by the source node 21, in each data packet transmitted
during said time period P,, the label stack LS, corresponding
to said time period P, in the table T. For example, the GSE
(“Generic Stream Encapsulation™) protocol could be used to
add information describing the label stack LS, in a header of
the data packet.

Afterwards, the routing method 100 includes a transmis-
sion 111 of said data packet to an intermediate node 22
corresponding to the label L, ; present at the top of the label
stack LS,. It should be noted that in FIG. 5, the label L, ;
present at the top of the label stack LS, (i.e. the first label to
be followed to route a data packet during the time period P,),
is located at the bottom.

The intermediate nodes 22 of the communication network
10 are configured to route a data packet in accordance with
the label stack that has been encapsulated in said packet. To
this end, the routing method 100 includes, for each node that
receives a data packet of the communication stream:

a verification 120 of whether the received packet includes

a non-empty label stack,

if the label stack of the packet is empty, then the packet

has arrived to destination, and the node that has

received the packet corresponds to the destination node

(step 130 in FIG. 5),

if the label stack encapsulated in the packet is not empty,

then the node that has received the packet is an inter-

mediate node 22, and the method 100 includes:

an extraction 121 of said label from the label stack,

a transmission 122 of the data packet to another node
corresponding to the label newly placed at the top of
the label stack (if the label stack is empty after the
extraction step 121, then the packet is directly trans-
mitted to the destination node whose address is for
example indicated, conventionally, in a header of the
packet).

Thus, the label stack initially encapsulated in a packet by
the source node 21 is progressively unstacked as the packet
progresses over the temporary path to the destination node
23.

A data packet transmitted during a time period P, by the
source node 21 will then follow the temporary path corre-
sponding to the stack LS, of labels L, . The successive use
of different label stacks respectively associated with differ-
ent time periods and corresponding to different temporary
paths whose existence is guaranteed over each time period
thus allows optimally ensuring the transmission of all of the
data packets of the communication stream between the
source node 21 and the destination node 23.

It should be noted that the steps of the routing method 100
implemented by the orchestration entity 25 could be
executed in parallel with the steps implemented by the
source node 21 and by the different intermediate nodes 22.
Indeed, the orchestration entity 25 may take charge of
updating the table T of label stacks for future time periods
while the source node 21 and the intermediate nodes 22 take
charge of routing the packets in accordance with the tem-
porary path valid for a current time period. It should also be
noted that the orchestration entity 25 and the source node 21
could form one and the same physical entity.
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In general, the communication network 10 may include
different domains having different topology variabilities. In
the considered example of a satellite communications net-
work 10, the network 10 includes a spatial domain whose
nodes are formed by satellites 42 in non-geostationary orbit
around the Earth, and a terrestrial domain whose nodes are
formed by entities on the ground, such as user terminals,
gateway stations, routers, and/or exchange points with other
communication networks such as the Internet network. This
is schematically illustrated in FIG. 6 in which the nodes 20a
belonging to the spatial domain are represented in black
whereas the nodes 205 belonging to the terrestrial domain
are represented in white. A temporary path 31-1, 31-2 then
includes one or more intermediate nodes 22a belonging to a
first portion of the path in the spatial domain and one or more
intermediate nodes 225 belonging to a second portion of the
path in the terrestrial domain. It should be noted that the
invention could also be applied to cases where the network
includes a number of different domains greater than two.

FIG. 7 illustrates an example of implementation of the
invention for a communication stream from an exchange
point 43 to a user terminal 41 within a satellite communi-
cation network. Hence, the exchange point 43 acts as a
source node 21 whereas the user terminal 41 acts as a
destination node 23. A temporary path 31 connecting the
exchange point 43 to the user terminal 41 includes a first
portion 31a formed in the terrestrial domain by one or more
routers 44 (corresponding to intermediate nodes 22a belong-
ing to the terrestrial domain), and a second portion 315
formed in the spatial domain by one or more satellites 42
(corresponding to intermediate nodes 225 belonging to the
spatial domain). A gateway station 45 acts as an input node
24b to establish a connection from the first portion 31« in the
terrestrial domain to the second portion 315 in the spatial
domain. In the example illustrated in FIG. 7, the exchange
point 43 acts not only as a source node 21 but also as an
input node 24a to the first portion 31a of the path in the
terrestrial domain.

Furthermore, the different portions of the path 31 between
the source node 21 and the destination node 23 can support
different routing technologies. For example, an implicit type
routing is used to define the first portion 31a of the path
corresponding to the terrestrial domain (for an implicit type
routing, at least one intermediate node 22a belonging to said
first portion of the path is not explicitly associated with a
label), whereas an explicit type routing is used to define the
second portion 315 of the path corresponding to the spatial
domain (for an explicit type routing, a label is explicitly
associated with each intermediate node 226 belonging to
said second portion 315 of the path).

In accordance with the routing method 100 described with
reference to FIG. 4, an orchestration entity 25 generates the
table of label stacks to be used to route a data packet. The
table is made available to the source node 21. A label stack
encapsulated in a data packet by the source node 21 then
corresponds to the concatenation of a first label stack for
routing the packet along the first portion according to an
explicit routing, and a second label stack for routing the
packet along the second portion according to an implicit
routing. In such an implementation, the complexity of the
routing operations supported by the gateway station 45 is
relatively limited (it simply acts as an intermediate node).

However, it might be advantageous to limit the size of the
routing information encapsulated in a data packet. Also, it
might be advantageous to take account of the differences in
topology variability of each domain.
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FIG. 8 illustrates an example of implementation of the
invention for a communication stream from a user terminal
41 to an exchange point 43 within a satellite communication
network. Hence, the user terminal 41 acts as a source node
21 whereas the exchange point 43 acts as a destination node
23. A temporary path 31 connecting the user terminal 41 to
the exchange point 43 includes a first portion 31a formed in
the spatial domain by one or more satellites 42 (correspond-
ing to intermediate nodes 22a belonging to the spatial
domain), and a second portion 315 formed in the terrestrial
domain by one or more routers 44 (corresponding to inter-
mediate nodes 225 belonging to the terrestrial domain). A
gateway station 45 acts as an input node 245 to establish a
connection from the first portion 31q in the spatial domain
to the second portion 315 in the terrestrial domain. In the
example illustrated in FIG. 8, the user terminal 41 acts not
only as a source node 21 but also as an input node 24a to the
first portion 31a of the path in the spatial domain.

As illustrated in FIG. 9, the routing method 100 may then
advantageously include at the orchestration entity:

a generation 102a of a first table of label stacks defining,

for each of a first plurality of successive time periods,
a first portion 31a of a temporary path 31 between the
source node 21 and the destination node 23; said first
portion 31a defining a temporary path between an input
node 24aq to the first portion 31« and an input node 245
to a second portion 315 of the temporary path 31; the
first portion 31a is determined as a function of the
variable and predictable topology of the network 10 so
as to connect the input node 24a to the first portion 31a
and the input node 245 to the second portion 315 of the
temporary path 31;

a generation 1025 of a second table of label stacks
defining, for each of a second plurality of successive
time periods, said second portion 315 of the temporary
path 31 between the source node and the destination
node; the second portion 315 is determined as a func-
tion of the variable and predictable topology of the
network 10 so as to connect the input node 245 to the
second portion 316 and the destination node 23;

a supply 103a of the first table of label stacks at the input
node 24a to the first portion 31a;

a supply 1035 of the second table of label stacks at the
input node 245 to the second portion 315.

In this particular embodiment, a label positioned at the
base of a label stack of the first table is a pointer identifying
the second table of label stacks. A label positioned at the
base of a label stack of the first table corresponds to the last
label of the stack to be extracted from the stack during
routing of a packet along the first portion 31a of the path.
The pointer identifies the second table of label stacks that
should be used by the input node 245 to route the packet
along the second portion 315 of the path.

In the considered example, the source node 21 corre-
sponds to the input node 24a to the first portion 31a.

As illustrated in FIG. 9, the routing method 100 includes
at the input node 24a to the first portion 31a of the path:

an encapsulation 110q, in each data packet transmitted
during a time period of the first plurality of time
periods, of the label stack corresponding to said time
period in the first table,

a transmission 111a of said data packet to an intermediate
node 22a corresponding to the label present at the top
of the label stack.

These steps 110a and 111a are similar to steps 110 and 111
previously described with reference to FIG. 4.
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Afterwards, the data packet progresses through the dif-
ferent intermediate nodes 22a of the first portion 31a of the
path. As illustrated in FIG. 9, the routing method 100
includes at each intermediate node 22a of the first portion
31a:

a verification 123a of whether the label present at the top
of the label stack encapsulated in the data packet is the
last label of the stack,

if it is not the last label of the stack, an extraction 121a of
said label and a transmission 1224 of the packet to the
node corresponding to the label newly placed at the top
of the stack,

if it is the last packet of the stack, a verification 124a of
whether the label is a pointer,

if the last label is not a pointer, the label identifies the last
node before reaching the destination node 23, and the
routing method 100 then includes an extraction 125a of
this last label and a transmission 1264 to the last node
before reaching the destination node at step 130,

if the last label is a pointer, the current node is actually an
input node 245 to the second portion 315 of the path,
and the label identifies the second table of label stacks
that should be used by the input node 245 to route the
packet along the second portion 315 of the path.

The routing method 100 includes at the input node 245 to

the second portion 315 of the path:

an encapsulation 1105 in the data packet of the label stack
corresponding to the current time period in the second
table,

a transmission 1115 of said data packet to an intermediate
node 225 corresponding to the label present at the top
of the label stack.

Afterwards, the data packet progresses through the dif-
ferent intermediate nodes 225 of the second portion 315 of
the path. As illustrated in FIG. 9, the routing method 100
includes at each intermediate node 225 of the second portion
315

a verification 1235 of whether the label present at the top
of the label stack encapsulated in the data packet is the
last label of the stack,

if it is not the last label of the stack, an extraction 1215 of
said label and a transmission 1225 of the packet to the
node corresponding to the label newly placed at the top
of the stack,

if it is the last label of the stack, the label identifies the last
node before reaching the destination node 23, and the
routing method 100 then includes an extraction 12556 of
this last label and a transmission 1265 to the last node
before reaching the destination node at step 130.

It should be noted that the time periods of the two tables
are not necessarily the same: the start times, the end times
and the durations of the time periods of the first table may
be different from those of the second table. This advanta-
geously allows taking into account the difference in topol-
ogy variability of the two domains (a domain having a
topology that varies in a less dynamic manner could use time
periods of relatively long duration compared to the duration
of'the time periods used for another domain whose topology
varies in a more dynamic manner).

Such arrangements also allow limiting the amount of
information to be encapsulated in a data packet. Indeed, at
a given time point, the data packet only encapsulates the
information allowing routing the packet along a portion of
the path (and not all the information allowing routing the
packet along the complete path).

FIGS. 8 and 9 illustrate an example for which the path 31
between the source node 21 and the destination node 23
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includes two portions 31a and 315. However, the invention
also applies to cases where the path 31 between the source
node 21 and the destination node 23 includes more than two
portions. In particular, FIG. 10 illustrates an example where
the path 31 includes three portions 31a, 316 and 31c.

FIG. 10 illustrates an example of implementation of the
invention for a communication stream from a first exchange
point 43-1 (corresponding to the source node 21) and a
second exchange point 43-2 (corresponding to the destina-
tion node 23). The path 31 between the first exchange point
41-1 and the second exchange point 41-2 includes a first
portion 31a in the terrestrial domain up to a first gateway
station 45-1, a second portion 315 in the spatial domain
between the first gateway station 45-1 and a second gateway
station 45-2, and a third portion 31c in the terrestrial domain
between the second gateway station 45-2 and the second
exchange point 43-2. The first exchange point 43-1 corre-
sponds to an input point 24q to the first portion 31a, the first
gateway station 45-1 corresponds to an input point 245 to the
second portion 315, and the second gateway station 45-2
corresponds to an input point 24¢ to the third portion 31c.

FIG. 11 illustrates yet another example of implementation
for a communication stream from a first satellite 42-1 in
non-geostationary orbit around the Earth to an exchange
point 43. Hence, the first satellite 42-1 acts as a source node
21 whereas the exchange point 43 acts as a destination node
23. A temporary path 31 connecting the first satellite 42-1 to
the exchange point 43 includes a first portion 31a formed in
the spatial domain by one or more other satellites 42
(corresponding to intermediate nodes 22 a belonging to the
spatial domain), and a second portion 316 formed in the
terrestrial domain by one or more routers 44 (corresponding
to intermediate nodes 224 belonging to the terrestrial
domain). A gateway station 45 acts as an input node 245 to
establish a connection from the first portion 31a in the
spatial domain to the second portion 315 in the terrestrial
domain. In the example illustrated in FIG. 11, the first
satellite 42-1 acts not only as a source node 21 but also as
an input node 24a to the first portion 31a of the path in the
spatial domain. According to a first variant, the orchestration
entity 25 could supply the first satellite 42-1 with a table of
label stacks in which each label stack completely defines a
path from the source node to the destination node. Alterna-
tively, according to a second variant, the orchestration entity
25 could supply a first table of label stacks to the first
satellite 42-1 to define the first portion 31a of the path, and
supply a second table of label stacks to the gateway station
45 to define the second portion 315 of the path (in this case,
the last label extracted from a label stack of the first table is
a pointer to the second table to indicate to the gateway
station 45 which table to use for the second portion 3156 of
the path).

In the different examples described before with reference
to FIGS. 3, 7, 8, 10 and 11, the spatial domain uses for
example the DVB (“Digital Video Broadcasting™) protocol
for uplink/downlink communications to/from the satellites
42 and for communications between two satellites. In turn,
the terrestrial domain may rely on a routing technology of
the MPLS (“Multi-Protocol Label Switching”) type. The
GSE (“Generic Stream Encapsulation™) protocol is used to
add the information describing a label stack into a header of
a data packet.

It should be noted that the examples described before with
reference to FIGS. 3, 7, 8, 10 and 11 assume a direction of
the communication stream from the source node 21 to the
destination node 23.
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Some changes in the topology of the communication
network 10 might be unpredictable, for example if they
result from an accidental failure of the communication
network 10. This means for example that at least one path
portion between a current node and a next node correspond-
ing to the label placed at the top of the label stack encap-
sulated in a packet received by the current node is acciden-
tally unavailable.

FIG. 12 illustrates a first backup mechanism, for the
routing method 100 according to the invention, in the event
of failure of a portion of a path considered for routing of a
communication stream.

This first backup mechanism is implemented at an inter-
mediate node 22 (current node). When it is verified, at step
120, that a received packet includes a non-empty label stack,
and following the step 121 of extracting said label from the
stack, the method includes a step 140 of detecting whether
there is an accidental failure for at least one path portion
between the current node and the next node corresponding
to the extracted label. If no failure is detected, then the
packet is directly transmitted at step 122 to the next node. If,
on the other hand, a failure is detected, then the method
includes a step 141 of replacing by the current node one or
more labels placed at the top of the stack with one or more
replacement labels corresponding to a backup path. The
replacement labels are determined beforehand and supplied
to the current node by the orchestration entity 25.

The detection of a failure may be performed via a check-
up plan based on messages with acknowledgment request
emitted periodically on the different connection links of the
network. If a message is not acknowledged for a given
period of time for a particular link, then the link is declared
faulty. A routing information base (“Label Forwarding Infor-
mation Base”, or LFIB) of a node connected to the faulty
link could then be updated by a check-up entity of said node
to redirect the traffic appropriately without passing through
the faulty link.

FIG. 13 illustrates a second backup mechanism, for the
routing method 100 according to the invention, in the event
of failure of a portion of the path considered for routing of
a communication stream.

For this second backup mechanism, in parallel with the
previously-described steps of determining 101 a temporary
path between the source node 21 and the destination node 23
for each of a plurality of successive time periods, and for
generating 102 a nominal table of label stacks respectively
associated with each time period, the routing method 100
includes at the orchestration entity 25 a determination 151 of
a backup path for each time period, and a generation 152 of
a backup table of label stacks respectively associated with
the different backup paths thus determined. This backup
table is also made available to the source node 21. The
method 100 then includes, at the source node 21, a detection
150 of whether at least one portion of the path between the
source node 21 and the destination node 23 has become
accidentally unavailable (detection of a failure). If so, then
the source node 21 uses the backup table to route the data
packets of the communication stream (step 154), otherwise
the source node 21 uses the nominal table (step 153).

Herein again, the detection 150 of a failure may be
performed via a check-up plan based on messages with
acknowledgment request emitted periodically on the differ-
ent connection links of the network. If a message is not
acknowledged for a given period of time for a particular
link, then the link is declared faulty and the information is
transmitted to the source node 21. The routing method 100
could then alternatively use the nominal table or the backup
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table to route the data packets of the communication stream,
depending on whether a failure has been detected or not on
the path between the source node 21 and the destination
node 23.

In particular, the first backup mechanism is advantageous
when the time of transmitting to the source node 21 of
information relating to a failure of the communication
network 10 is too long (this might in particular be the case
when the complexity of the topology of the communication
network 10 is particularly high). In turn, the second backup
mechanism has the advantage of reducing the complexity of
the routing method 100 at the intermediate nodes 22.

The description hereinbefore clearly illustrates that, by its
different features and advantages, the present invention
achieves the set objectives. In particular, the invention
proposes a solution for guaranteeing routing of all of the data
packets of a communication stream within a network having
a variable and predictable topology. The proposed solution
allows limiting the complexity of the system, in particular by
the centralisation of a major portion of the steps of planning
the routing of the packets by an orchestration entity.

The invention claimed is:

1. A method for routing data packets within a communi-
cation network, said network comprising several nodes, each
of'the nodes capable of being connected at least temporarily
to one or more other nodes of the nodes of the communi-
cation network, wherein the method is adapted for using the
communication network with a constellation of satellites in
non-geostationary orbit around the Earth, said method
includes:

a determination, by an orchestration entity, of a plurality
of temporary paths between at least one source node of
the several nodes and at least one destination node of
the several nodes for a plurality of determined succes-
sive time periods, each of the temporary paths being
guaranteed for one of the time periods and determined
as a function of a variable and predictable topology of
the network so as to connect said source node and said
destination node via one or more intermediate nodes of
the several nodes during said one of the time periods,

a generation, by said orchestration entity, of at least one
table of label stacks, each of the label stacks of the at
least one table corresponding to one of the temporary
paths defined for one of said determined successive
time periods between said source node and said desti-
nation node, each label corresponding to one of said
intermediate nodes of the temporary path, said table of
label stacks being provided to said source node, an
encapsulation, by said source node, in each data packet
transmitted during a time period of said determined
successive time periods, of the label stack correspond-
ing to said time period in the table,

a transmission of the data packet to the intermediate node
corresponding to a label present at the top of the label
stack,

upon reception of each data packet by the intermediate
node corresponding to the label present at the top of the
label stack encapsulated in the data packet, an extrac-
tion of said label from the label stack and a transmis-
sion of the data packet to another of the nodes corre-
sponding to a label newly placed at the top of the label
stack, until the label stack is empty or all labels in the
label stack have been placed at the top of the label
stack.

2. The routing method according to claim 1, wherein the

communication network includes at least a first domain and
a second domain; each of the temporary paths between said
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source node and said destination node including a first
portion formed by one or more of the intermediate nodes
belonging to the first domain and a second portion formed by
one or more of the intermediate nodes belonging to the
second domain; wherein the communication network
including, for each of the first portion and the second
portion, an input node, corresponding to the source node or
to one of the intermediate nodes, allowing establishing a
connection to said first or second portion; wherein said
generation of at least a first table and a second table of label
stacks including at least two generations, which include: a
generation, by the orchestration entity, of the first table of the
label stacks defining, for each of a first plurality of the
determined successive time periods, the first portion of the
temporary path between the source node and the destination
node, said first portion being determined as a function of the
variable and predictable topology of the network so as to
connect an input node to the first portion and an input node
to a second portion of said temporary path, and a generation,
by the orchestration entity, of the second table of the label
stacks defining, for each of a second plurality of the deter-
mined successive time periods, said second portion of the
temporary path, said second portion being determined as a
function of the variable and predictable topology of the
network so as to connect the input node to the second portion
and the destination node, the routing method further includ-
ing: a supply of the first table of the label stacks at the input
node to the first portion, a supply of the second table of the
label stacks at the input node to the second portion; and
wherein the label positioned at a base of the label stack of
the first table is a pointer identifying the second table of the
label stacks.

3. The routing method according to claim 1, wherein the
communication network is a satellite communication net-
work including at least one spatial domain whose nodes are
formed by the satellites in non-geostationary orbit around
the Earth, and at least one terrestrial domain at least part of
the nodes of which are formed by gateway stations, routers,
exchange points, and/or user terminals for satellite commu-
nication.

4. The routing method according to claim 3, wherein an
explicit type routing is used to define, in said at least one
spatial domain, at least one portion of the temporary path
between the source node and the destination node, wherein
for an explicit type routing a label is explicitly associated
with each of the intermediate nodes belonging to said at least
one portion of the temporary path.

5. The routing method according claim 3, wherein an
implicit type routing is used to define, in said at least one
terrestrial domain, at least one portion of the temporary path
between the source node and the destination node, wherein
for an implicit type routing at least one of the intermediate
nodes belonging to said portion of the temporary path is not
explicitly associated with one of the labels.

6. The routing method according to claim 3, wherein the
source node is a satellite communication user terminal, the
destination node is an exchange point, a first portion of the
temporary path between the user terminal and the exchange
point is formed in the at least one spatial domain by one or
more satellites, a gateway station serves as an entry point to
a second portion of the path formed in the terrestrial domain
by one or more routers up to the exchange point.

7. The routing method according to claim 3, wherein the
source node is a first exchange point, the destination node is
a second exchange point, the temporary path between the
first exchange point and the second exchange point includes
a first portion in the terrestrial domain up to a first gateway
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station, a second portion in the at least one spatial domain
between the first gateway station and a second gateway
station, and a third portion in the terrestrial domain between
the second gateway station and the second exchange point.

8. The routing method according to claim 3, wherein the
source node is a first satellite communication user terminal,
the destination node is a second satellite communication
user terminal, the intermediate nodes of the temporary path
between the source node and the destination node belonging
exclusively to the at least one spatial domain.

9. The routing method according to claim 3, wherein the
source node is a satellite in non-geostationary orbit around
the Earth and the destination node is a satellite communi-
cation user terminal or an exchange point.

10. The routing method according to claim 1, wherein,
when at least one portion of the temporary path between a
current node and a next node corresponding to the label
placed at the top of the label stack encapsulated in a packet
received by the current node is accidentally unavailable, the
method includes a replacement by the current node of one or
more labels placed at the top of the stack by one or more
replacement labels corresponding to an emergency path,
said replacement labels having been determined beforehand
and supplied to the current node by the orchestration entity.

11. The routing method according to claim 1, further
including a generation by the orchestration entity of an
emergency table of label stacks, said emergency table being
used by the source node when at least one portion of the
temporary path between the source node and the destination
node accidentally becomes unavailable.

12. A system comprising:

an orchestration entity for routing data packets within a

communication network comprising several nodes,
each node capable of being connected at least tempo-
rarily to one or more other nodes of the communication
network, said orchestration entity adapted for the com-
munication network using a constellation of satellites in
geostationary orbit around the Earth, and that the
orchestration entity is configured to: determine a plu-
rality of temporary paths between at least one source
node and at least one destination node for a plurality of
determined successive time periods, each temporary
path being guaranteed for a time period of the deter-
mined successive time periods and determined as a
function of a variable and predictable topology of the
network so as to connect said source node and said
destination node via one or more intermediate nodes
during said time period,

generate at least one table of label stacks, each label stack

of the table corresponding to one of the temporary
paths defined for one of said determined successive
time periods, each label in the label stacks correspond-
ing to one of the intermediate nodes of the temporary
path, and

supply said table of label stacks to said source node,

the source node is configured to:

encapsulate, in each data packet transmitted during a time

period of the determined successive time periods, the
label stack in the table corresponding to the time
period, and

transmit the data packet to an intermediate node of the

intermediate nodes corresponding to a label at top of

the label stack encapsulated in the data packet, and
each of the intermediate nodes are configured to:
receive the data packet;

extract from the data packet a next label from the label

stack to be placed at the top of the label stack, and
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transmit the data packet to another of the nodes corre-
sponding to the next label, wherein reception, extrac-
tion and transmission of the data packet between inter-
mediate nodes is repeated until the label stack is empty
or all labels in the label stack have been placed at the
top of the label stack.

13. The orchestration entity according to claim 12 for
which, when the communication network includes at least a
first domain and a second domain, each of the temporary
paths between the source node and the destination node
including a first portion formed by one or more of the
intermediate nodes belonging to the first domain and a
second portion formed by one or more of the intermediate
nodes belonging to the second domain, the network includ-
ing, for each portion, an input node, corresponding to the
source node or to one of the intermediate nodes, allowing
establishing a connection to said portion, the orchestration
entity is configured, during the generation of said at least one
table of label stacks, to: generate a first table of label stacks
defining, for each of a first plurality of the determined
successive time periods, a first portion of the temporary path
between the source node and the destination node, said first
portion being determined as a function of the variable and
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predictable topology of the network so as to connect an input
node to the first portion and an input node to a second
portion of the temporary path, and generate a second table
of label stacks defining, for each of a second plurality of the
determine successive time periods, said second portion of
the temporary path being determined as a function of the
variable and predictable topology of the network so as to
connect the input node (245) to the second portion and the
destination node, the orchestration entity being further con-
figured to: send the first table of label stacks at the input node
to the first portion, and send the second table of label stacks
at the input node to the second portion; a label positioned at
the base of a label stack of the first table is a pointer
identifying the second table of label stacks.

14. The communication network according to claim 12,
wherein the communication network is a satellite commu-
nication network including a spatial domain whose nodes
are formed by satellites in non-geostationary orbit around
the Earth, and a terrestrial domain at least part of the nodes
of which are formed by gateway stations, routers, exchange
points, and/or user terminals for satellite communication.
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